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MICROWAVE EXCITED ULTRAVIOLET LAMP SYSTEM WITH SINGLE 
ELECTRICAL INTERCONNECTION 

Cross Reference to Related Applications 

This application claims the benefit of U.S. Provisional Application No. 
60/444,307, filed January 31 , 2003, the disclosure of which is hereby 
incorporated by reference herein in its entirety. 

5 

Field of the Invention 

The present invention relates generally to power supplies and, 
more particularly, to a power supply and method for controlling the filament 
voltage in a magnetron. 

10 

Background of the Invention 

i 

In lamp heating and curing applications, one or more magnetrons 
are used to provide microwave radiation to a lamp source, such as an 
electrodeless ultraviolet (UV) lamp used in the curing of adhesives, sealants or 
15 coatings in industrial applications. When the plasma of the lamp is sufficiently 
excited by the microwave radiation from each magnetron, the lamp illuminates 
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to provide the necessary light wavelength and intensity for the particular heating 
or curing process. 

Microwave-excited lamp systems typically have a separate power 
supply that provides high voltage to each magnetron and a lesser voltage to a 
5 blower and each magnetron filament. The power supply may further be 

coupled electrically with sensors positioned within the system and the system 
lamp head. As a result, multiple cables extend from the power supply to the 
lamp head. For example, a conventional dual-magnetron lamp system includes 
a high voltage cable extending from the power supply to the magnetrons and a 

10 low voltage cable extending from the power supply to the magnetron filaments 
and an internal blower used to cool the lamp head. In conventional single- 
magnetron systems with an internal blower, the lamp system includes a single 
high voltage cable energizing the magnetron and a single low voltage cable for 
energizing the blower and magnetron filament. Conventional microwave- 

15 excited lamp systems may also include a cable for transmitting signals between 
the power supply and system sensors. 

Regardless of the specific cabling configuration, conventional 
microwave-excited lamp systems require multiple cables that extend from the 
power supply to the lamp head, which increases the complexity of electrically 

20 coupling the power supply with the lamp head. In addition, any one of the 
multiple cables may be unintentionally disconnected from either the power 
supply or lamp head. The likelihood of such an unintentional disconnection 
increases with the number of cables. Moreover, the lamp system must perform 
error checking to verify whether the multiple cables are connected. The error 

25 checking may be software and hardware based. In two magnetron systems, 
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the cables coupling the power supply with the lamp head may incorporate 
conductors for verifying electrical continuity of the cables to the magnetrons. 

Thus, there is a need for a microwave-excited ultraviolet lamp 
system in which the power supply is not coupled with the lamp head by multiple 
5 cables. 



Summary of The Invention 

The present invention overcomes the foregoing and other 
shortcomings and drawbacks of power supplies and methods heretofore known 

10 for electrically coupling a power supply with a microwave-excited ultraviolet 
lamp system. While the invention will be described in connection with certain 
embodiments, it will be understood that the invention is not limited to these 
embodiments. On the contrary, the invention includes all alternatives, 
modifications and equivalents as may be included within the spirit and scope of 

1 5 the present invention. 

According to the principles of the invention, a lamp system is 
provided for generating ultraviolet radiation. The lamp system includes a power 
supply, a lamp head including a lamp capable of generating ultraviolet radiation 
when energized by microwave energy, and a single cable electrically coupling 

20 the power supply with the lamp head. 

The power supply and method of the present invention are 
particularly adapted to simplify the electrical interconnection between the power 
supply and lamp head of a lamp system. Reducing the number of cables 
decreases the likelihood of an unintentional disconnection since the status of 

25 only a single cable must be verified. Moreover, error checking is simplified 
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because only one cable must be checked, rather than the multiple cables of 
conventional lamp systems. Installation of the lamp system is simplified 
because only a single cable need be connected between the power supply and 
lamp head. For applications in which multiple lamp systems share floor space, 
5 reducing the number of cables provides additional benefits. 

The above and other objects and advantages of the present 
invention shall be made apparent from the accompanying drawings and the 
description thereof. 



10 Brief Description of the Drawings 

The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate embodiments of the invention 
and, together with a general description of the invention given above, and the 
detailed description of the embodiments given below, serve to explain the 
1 5 principles of the invention. 

Fig. 1 is a block diagram of a lamp heating or curing system 
incorporating an electrical cable in accordance with the principles of the 
invention for supplying operating voltages from a high voltage power supply to a 
pair of magnetrons and a blower of the system; 
20 Fig. 2 is a view of the electrical cable of Fig. 1 ; and 

Fig. 3 is a cross-sectional view of the electrical cable taken 
generally along line 3-3 of Fig. 2. 
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Detail d Description fth Preferred Embodiment 

With reference to Fig. 1 , a power supply 10 is operative for 
supplying operating voltages to a pair of magnetrons 12, 13 mounted in a lamp 
head 14 of a lamp heating or curing system, shown generally as 16, and to a 
5 blower 17 mounted for directing a forced flow of air to cool the lamp head 14. 
Power supply 10 is mounted remotely from the magnetrons 12, 13 and is 
electrically connected to the magnetrons 12, 13 through an elongated electrical 
cable 18 that may have a length of twenty-five feet or more. The power supply 
10 and lamp head 14 each incorporate a bulkhead electrical connector (not 

10 shown) compatible with electrical cable 18 for creating respective electrical 
connections of circuitry inside the power supply 10 with electrical cable 18 and 
of components of the lamp head 14 with electrical cable 18. The bulkhead 
electrical connectors each have multiple electrical contacts arranged in a 
pattern suitable for establishing electrical continuity with the conductors of 

15 electrical cable 18. 

Power supply 10 is preferably connected to power lines L1 and L2 
for receiving AC line voltage at its input, and supplies the necessary operating 
voltages at its output to magnetrons 12, 13 for generating microwave energy, 
as is known by those of ordinary skill in the art, and to blower 17. Blower 17 

20 provides a constant exchange of cool air for heated air within the enclosure of 
the lamp head 14 and reduces maintenance otherwise caused in the event of 
overheating of the lamp head 14. Those skilled in the art would recognize that 
microwave-excited ultraviolet lamp systems, such as lamp system 16, generate 
significant amounts of heat that must be eliminated to avoid unacceptably high 

25 operating temperatures. 
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The microwave energy from the magnetrons 12, 13 is coupled to 
a lamp 20 (Fig. 1), such as an electrodeless ultraviolet (UV) light source, 
located within a cavity 22 (Fig. 1) of an enclosure 24. When the plasma of 
lamp 20 is sufficiently excited by the microwave energy from magnetrons 12, 
5 13, the lamp 20 illuminates to provide the necessary light wavelength and 

intensity for the particular heating or curing process. For example, lamp system 
16 may be a UV light system used in the curing of adhesives, sealants or 
coatings in industrial applications, or any other heating or curing process that 
requires light of a particular wavelength and intensity to achieve the desired 

10 heating or curing result. 

Power supply 10 is operative for providing high voltage DC power 
over electrical cable 18 to the anode of the magnetrons 12, 13, regulated AC 
power over electrical cable 18 to a filament 26 of the magnetron 12 and a 
filament 27 of magnetron 13, and regulated low-volatage AC power over 

15 electrical cable 18 to blower 17. In addition, electrical cable 18 incorporates 
conductors for transmitting low-voltage control and sensor signals between 
power supply 10 and lamp head 14. For example, lamp head 14 includes 
various different sensors 28, such as light detectors that sense the presence of 
output from the lamp 20 and pressure sensors that provide feedback signals to 

20 the power supply 10 for ensuring proper operation of the lamp system 16. The 
invention contemplates that the blower 17 may be a separate unit from the 
lamp head 14 that provides a flow of cooling air to an inlet of the lamp head 14 
and that is powered by a power source other than power supply 10. 

With reference to Figs. 2 and 3, the electrical cable 18 includes a 

25 plurality of, for example, four inner conductors 30 located inside of an inner 
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electrostatic shield 32, a plurality of, for example, ten outer conductors 34 
located inside an outer electrostatic shield 36, and a pair of electrical 
connectors (not shown) having electrical contacts capable of being coupled 
electrically with electrical contacts of the bulkhead connectors on the power 
5 supply 10 and lamp head 14, respectively. One of the electrical connectors is 
coupled to one end of conductors 30, 34 and shields 32, 36 and the other of 
the electrical connectors is coupled to the opposite end of conductors 30, 34 
and shields 32, 36. The electrical connectors may be metal sheath connectors 
such that the entire length of the electrical cable 18 is shielded. 

10 Inner electrostatic shield 32 is grounded for isolating the inner 

conductors 30 from the outer conductors 34 so as to minimize limit adverse 
affects of electromagnetic interference (EMI). Similarly, outer electrostatic 
shield 36 is grounded for isolating the outer conductors 34 from the external 
environment of electrical cable 18. In effect, the inner conductors 30 are 

1 5 redundantly or doubly shielded against EMI. 

An outer jacket of polyvinyl chloride (PVC) or the like may be 
provided radially outward of the outer electrostatic shield 36. Each of the 
individual conductors 30, 34 is encased in an outer polymer jacket to provide 
inter-conductor electrical isolation. In one embodiment, each of the individual 

20 conductors 30, 34 are 30 gauge wires. The electrostatic shields 32, 36 may be 
a composite structure constituted by a braided conductor and an radially-inward 
aluminized MYLAR® covering. 

The inner conductors 30 provide high voltage for energizing the 
magnetrons 12, 13 and must be capable of carrying, typically, high DC voltages 

25 of less than about 10 kV and, typically, between about 4 kV and about 6 kV. 
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Two of the inner conductors 30 represent high voltage leads to corresponding 
ones of the magnetrons 12, 13 and one of the inner conductors 30 is a ground 
and return path common to both magnetrons 12, 13. The outer conductors 34 
provide conductive paths for providing AC power of relatively lesser voltage to 
5 energize the blower 17, to energize the filaments 26, 27, and to transmit control 
signals between power supply 10 and sensors 28. The outer conductors 34 
may be capable of carrying AC voltages of less than about 300 V. However, it 
is appreciated that individual ones of the outer conductors 34 may carry 
different voltages. For example, 240 VAC may be provided to blower 17 over 

10 one hot conductor 34, 240 VAC may be provided to filaments 26, 27 over two 
hot conductors 34, another conductor 34 may provide a common ground for the 
240 VAC, and the remaining conductors 34 may carry signals to sensors 28 at 
voltages of 24 VAC or less. The power provided on the outer conductors 34 
may be switched by power supply 10. 

1 5 Any of the individual inner conductors 30 or individual outer 

conductors 34 may be replaced by a space filler (not shown) of similar 
dimensions if those particular conductors are unneeded for providing electrical 
connections between power supply 10 and lamp head 14. The space filler 
serves as an aid in the packing of the conductors 30 or conductors 34. For 

20 example, in the illustrated dual magnetron system, because only two of the 

inner conductors 30 are carrying voltage, the remaining two conductors 30 may 
remain unused or may be replaced by a space filler. 

The invention contemplates that lamp head 14 may include a 
single magnetron 12 for exciting lamp 20. Electrical cable 18 may also be used 

25 on a single magnetron lamp system without alteration as only certain inner 
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conductors 30 will be powered and other inner conductors 30 will remain 
unused. Electrical cable 18 may, therefore, be a dual purpose cable for use on 
both dual magnetron and single magnetron lamp systems. Even in single 
magnetron systems, electrical cable 18 eliminates the need to have a cable 
5 carrying high voltage to the magnetron and one or more additional separate 
cables carrying low voltage to the filament, blower, and/or sensors. 

It is further appreciated that the blower 17 may be positioned 
outside of the lamp head 14 and be coupled by a conduit in fluid 
communication with an air inlet of the lamp head 14. Even in this arrangement, 

10 electrical cable 18 still eliminates the need for multiple cables to electrically 
couple the power supply 10 with the lamp head 14. In this instance, the outer 
conductors 34 are used to transfer power for energizing the filaments 26, 27 
and to transfer signals between the power supply 10 and sensors 28, and the 
inner conductors 30 power the magnetrons 12, 13 (or single magnetron) with 

15 high voltage. 

According to the principles of the invention, the number of cables 
extending between the power supply and lamp head is significantly reduced. In 
certain production lines, multiple different curing systems 16 may be located 
within a shared floorspace, so that reducing the number of cables becomes of 

20 even greater significance. 

While the present invention has been illustrated by a description 
of various embodiments and while these embodiments have been described in 
considerable detail, it is not the intention of the applicants to restrict or in any 
way limit the scope of the appended claims to such detail. Additional 

25 advantages and modifications will readily appear to those skilled in the art. The 
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invention in its broader aspects is therefore not limited to the specific details, 
representative apparatus and method, and illustrative example shown and 
described. Accordingly, departures may be made from such details without 
departing from the spirit or scope of applicants' general inventive concept. 



